
REPORT DOCUMENTATION PAGE Form Approved 
OMB No. 0704-0188 

The public reporting burden for this collection of infonnation is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and 
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including 
suggestions for reducing the burden, to the Department of Defense, Executive Service Directorate (0704-0188). Respondents should be aware that notwithstanding any other provision of law, no 
person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. 

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ORGANIZATION. 
1. REPORT DATE (DD-MM-YYYY) , 2. REPORT TYPE 3. DATES COVERED (From - To) 

10/05/2017 Presentation 
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER 
Antifimgal resistance patterns in molds isolated from wounds of combat-related trauma 
patients 

Sb. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) Sd. PROJECT NUMBER 
Capt Nicholas Keaton 

Se. TASK NUMBER 

Sf. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION 
59th Clinical Research Division REPORT NUMBER 

1100 Willford Hall Loop, Bldg 4430 
JBSA-Lackland, TX 78236-9908 17366 
210-292-7141 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S) 
59th Clinical Research Division 
1100 Willford Hall Loop, Bldg 4430 
JBSA-Lackland, TX 78236-9908 11. SPONSOR/MONITOR'S REPORT 
210-292-7141 NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release. Distribution is unlimited. 

13. SUPPLEMENTARY NOTES 
ID Week, San Diego, CA, Oct 5 2017 

14. ABSTRACT 
Background: An outbreak of trauma-related invasive fimgal infections (IFI) occun·ed in US service members injured in Afghanistan. Empiric 
treatment included voriconazole (VORl) and amphotericin (AMB) and aggressive surgical debridement. Antifungal susceptibilities (AS) and 
relation to outcoID Week, San Diego, CA, Oct 5 20 l 7mes are yet to be described. 
Methods: Between 2009-2013, military trauma patients with initial unique and serial (>3 days after initial isolation) molds isolated from wounds 
and admitted to Brooke Anny Medical Center as part of the Trauma Infectious Disease Outcomes Study were assessed. _The AS to AMB, VORI, 
posaconazole (POSA), isavuconazole (ISA), itraconazole, and caspofungin were determined by broth microdilution with CLSI breakpoint 
interpretations for Aspergillus spp. and mucormycetes (MM). 
Results: Included are 18 patients with 28 initial mold isolates with 72% oflFI diagnosed via histopathology. All patients were male with a median 
of 8 operations. There was a median of 11 days post-injury to mold culture. Initial isolates were 5 Aspergillus spp., 3 MM, 3 Fusarium spp., and co 
1S. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
a. REPORT b.ABSTRACT c. THIS PAGE ABSTRACT 

uu 

18. NUMBER 
OF 
PAGES 

19a. NAME OF RESPONSIBLE PERSON 
Clarice Longoria 

19b. TELEPHONE NUMBER (Include area code) 

210-292-7141 

Standard Form 298 (Rev. 8/98) 
Presclibed by ANSI Std. 239.18 

Adobe Professional 7 .0 



~o.Jc" d ~~fit. r~ff4S e. r'Jbtr;&..,f.-.._ •~ vttl;..,;1,J. 

IDCRP • t' Un,focrnecl 
Scnic'l·~ 

l111i.,,i:1·sit.v 

ANTIFUNGAL RESISTANCE PATIERNS IN MOLDS ISOLATED FROM WOUNDS OF COMBAT-RELATED 

TRAUMA PATIENTS • . . . 

Poster# 
Nicholas Keaton, MD, 1 Katrin Mende, PhD, 1 •2 •3 Miriam L. Beckius, MPH, 1 Aaron Farmer, D0,7 Julie Rizzo, MD,4•5 Anuradha Ganesan, MD,2·3•8 Clinton K. Murray, MD, 1 David R. Tribble, DrPH, MD,2 Dana M Blyth, MD1 

AFFILIATIONS: 'Sin Mtoflkl Mlll'*'f Mldk.i C.nt•r, Jorts.n Mauston. TX; 1lnfldlou1 DIM- Olnlcll AIMan:h Prasram, o.part!Tl9"1 of Pr.wntM MeclclM Mid llOIWllticl, Unlbmeil s.n4cc1 Unlwnlty oftt.. Hulth Sc~. e.ttondl, MD; 1Henry M. Jecbon Foundetlon tor the ~ntofMlllt.y MadlclrM, Inc., .. tt-da, MO; ~~olSUrpry. Unitorrn1d S.Mcft Unlwnltyof tM Hulth Selolnc:eii, .. thltldt, 

MD; SUntt.d StatetAfmy INtltu .. of5urp:.i 1mnrch, FGrtSlm Hou.Ion, TX;-w.tl.r lllNd NII~ Milbry Mldluit C.nw, .. lhnU, MD; 71NDmeck Almy Mltdk1I c.mr, NC 

•dr&founcl: An outbreak of trauma-ri!llted l1M1Stie funaal Infections !IFI) occurred In US 
service membeB Injured In Afahanlsttn. Empiric treatment Included vorlconnole {VORI) and 

1mphoterlcln (AMB} and auresstve sur11cal debrldement. AntKunpl susceptlbUll:les (AS) and 

r~atlon to outcomes are yet to be described. 
Methods: Between 2009-2013, mlllt1ry trauma patlenu with Initial unique and serial 1>3 days 
after lnltlal llolatlonJ molds Isolated from wounM and admitted to Brooke Army Medical Center 

as part of the Trauma lnfecUous Dllease Outcomes Study were assessl!d. The AS toAMB, VORI, 

pos1con11ole (POSA}, lsiNuconnole (ISA), ltraconuole. and cr.ipofungln were determined bit 
broth mlcrodllutlon with Cl51 breakpoint Interpretations for ~rg/Nus spp. and mucormycetes 
(MM). 
.... tt.: Included are 18 patients with 21 lnltlal mold Isolate with 71% of IFI dll1nosed vii 

hlstopatholotY. All patients wrre male with a median of 8 oper1tkm1. There was a median of 11 
days post-Injury to mold culture. lnltlal llolate wrre S ~rg/l/uJ 1pp., 3 MM, 3 FU$0rlum spp., 

and combinations of 3 Asp(!rg//llJJ I MM, 2 ~rg/IJuJ I FvJar/um. l~rg/IW I Blpolarl5, 1 

MM & FuKJrlum. A. /fowl (AFL) 1nd A.fum/gotw (AFU) were all Jusceptlbleto A.MB and POSA 
ind 25" of AH were lntermedlltl! to VORI. Four A t~ftJJ (AT) Isolates had MICs to AMB of 

0.25, 1, 2, and•. and were susceptible to VORl. ISA MICSO and 90 were 1 and 2 for ~rg/NuJ 

spp. FuJOr/um1pp. MICs were >16 forVORI, POSA, and IS.A., with AMB MICS0/90 of 2 and 3. 

Amona MM lsolltes, 86" weresusceptlble to AMB and 29% to POSA, and IS.A. MICSO and MIC90 

were I and >16. Five patients had serial Isolates. One with serial AFland AFU received no 
antlfunpl therapy, one with AT wn treated with YORI, AMB, and POSA, and one with Afl was 

treated with AMB with no new reslsttnce. The paUent with 1erlal MM was trelted with AMB 

tnd YORI and remained resistant to POSA, but susceptible to AMB. Serial A ekflaru ac<1ulred 
new POSA and AMB resistance and ISA MIC Increased from 4 to 16 after A.MB and YORI 

exposure. 
eo..duakln: Antlfunaal l!Xposure to AMB and YORI was not assodated with new resistance 
within Aspl!fflUluJ spp., but 50% of MM exposed to this combination developed POSA and A.MB 

resistance. Despite rl!!Slstance of FuJOrlum, It was not Isolated on subsequent clebrldements. 

l:§l!.ii.11'''·' 
Operation Endurin1 Force and Operation Iraqi Force were notable for an 

outbreak of trauma-related Invasive fungal Infections (tFI) 

IFI are 1MOclated with a hlgh mortality In trauma patients 

IFI is Independently associated with increased mortality In burn patients, 

particularly with TBSA 30-60%, with fun1al wound infection beln1 associated 

with the 51me mortality as au1mentlng the total body surface area of burn 

by339' 
Current empiric antlfungal therapy is broad-spectrum, primarily with 

voriconazole (VORI) and amphotericin (AMB) 

To reexamine treatment option with newer azoles, such as posaconazole 

(POSA) and lsavuconazole (ISA), suscept!bility studies on molds Isolated 

from wounds of US service members treated at San Antonio Military 

Medlcal Center (SAMMC) were exam ined 

Susceptibllltytestinato AMB, VORI, POSA, ISA, itraconazole (ITRA), and 

caspofungln was performed usln1 the Clinical and Laboratory Standards 

Institute (CLSI) M38-A2 broth mlcrodilutions defined protocols for Aspergil/us 

spp. and mucormycetes (MM) 

AMB, VORI, POSA, ISA, and ITRA were tested In ranges of 0.0313 IJl/ml to 

16µe/ml and caspofun1in at 0.015 µa/ml to 8.0 µa/ml 

Minimal Effective Concentration {MEC) was reported for caspofunain and MIC 

data was evaluated for all other antlfun1als 

Resistance patterns were utilized to build 1n antlblo1ram 1pplyin1 MICSO and 

MIC90 utilizlna ClSt recommended cutoffs as available 

Serial Isolates from patients were also evaluated for chan1ing antifunaa1 

resistance patterns 

Working CLSI breakpoints were used for Aspergil/us spp. (AMB, VORI, POSA, 

and ITRA) and Mucormycetes {AMB, POSA): susceptible (MIC~ 1 µa/ml), 

Intermediate (MIC 2 µg/ml), and resistant {MIC 2: 4 µa/ml) 

median of 8 (ranalna from 3-40) operations during their treatment course 

lmt1al Mold Isolate Suscept1b1l1t1es 

Orpnlsm AMBMIC I/ORI MIC POSA MIC ISAMIC 
(lofltolat91) 50/90 50/90 50/90 50/90 

~Illus 0.25/2 0.5/2 <0.0313 / 1/2 0.125/0.25 
1pp. (J4) 0.125 

A.- 0.125/ D.25/D.5 <O.O!lt!I/ 1/1 0.125/0.25 
(2} 0.25 0.125 

A. llav .. (5} 0.25/1 1/2 <0.0313 / 1/2 0.0625/ 
0.0625 0.125 

A.T.,.....(•J ,,. 0.5/1 <0Jl313/ 1/4 0.125/ 
0.0625 0.125 

A.fllNus 0.25/0.5 1/2 <0.0313 / 2/2 0.25 /0.25 

complex (3) 0.125 

Fut1rlum{6) 2/• >11/>1& >1&/>H >11/>16 >16/>1& 

MucOFj4} 0.25 /0.25 >16/>16 2/4 1/16 >16/>16 

Initial Isolates included S Aspergi/lus spp., 3 Mucormycetes, 3 Fusarlum, and 

combinations of 3 Aspergillus & Mucormycetes, 2 Aspergil/us & Fusarium, 1 

Asperg/Jlus & BipolariJ, 1 Mucormycetes & Fusarium 

We tested S separate serlal isolates to include 1 Aspergillus terreus, 2 

Aspergillus flavus, 1 Aspergillus fumlgatus complex, 1 Actinomucor elegans, 

and 1 Mucor 

Selected Serial Mold Isolate Suscept1b1ilt 1es 

Orpnlsm AMB I/ORI POSA ISA ITRA -·-3/29112 0.5 4 1 0.5 .. 
3/31/12 1 4 1 0.5 16 

4/2/12 0.125 16 ... 2 >16 

4/•/12 2 16 2 1 >16 -
5/10/1! 0.25 16 >16 2 >16 

5/10/1! Q.25 16 ... 2 ... 
7/17/13 0.125 • >16 2 >16 

A._,,......,. __ 

7/1Dl12 0.5 0 .125 <0.0313 0.25 <0.0313 

7""'12 0.25 1 <0.031! 1 0 .125 

7/20/12 0.25 1 <0.0313 2 0.0625 

7/1Dl12 0.125 0.5 <O.OJU 1 0.25 

7/24/12 o.s 0.125 <0.0313 0.125 <0.0313 

7/27/12 0.25 0 .125 <D.0313 0.25 <0.031! 

7/27/12 0.125 1 0.0625 1 0.25 

7/Jl/12 0.25 1 <D.031!1 i Q.25 

No significant tl!Sistance was noted In t lie 4 Asperg/flus isolates examined 

Fusorium spp. MIC were >16 for vor lconazole, posaconazole, and 

lsavuconazole 

Antifun1al exposure to voriconazole and amphoterkin was not associated 

with new resistance within the Aspergillus spp. 

Half of the Mucormycetes exposed to voriconazole and amphoterldn 

developed posaconazole and 1mphoterlcin resistance 

Despite significant resistance, fuJarium was not isolated on subsequent 

debrldements when treated with amphoter icin and voriconazole 

Prior studies have shown FuJarlum to not be a particularly virulent infection in 

cutaneous lnfMtions 

While amphotericin has si1nlflc1nt toxicit ies, &iven Inherent vorlconazole 

resistance and elevated posaconazole and lsavuconazole M ICs noted In these 

Mucormycetes (ind their frequent recovery), amphotericln appears to remain 

an Important 11ent as part of empiric t herapy 

• Posaconazole demonstrated overall comparable susceptibility to vorlconazole 

provid ing evidence for the possibility of ut ilizing posaconazole IS part of an 

empir ic t reatment realmen 

Overall due to low sample size both In Initial Isolates and serial Isolates further 

studies are required prior to deviatin& from AMB and VORI for In it ial empir ic 

treatment of Invasive fun11l Infections 


